This article explores the commodity-industrial production nexus. More precisely, we assess the cointegration relationships between commodity markets and industrial production during 1993-2011, with an overview for several countries: the USA, the EU, Australia, China, Brazil, Canada, Germany. First, we explore the descriptive statistics and unit root tests of the dataset. Second, we develop two kinds of cointegration analyses (e.g. with/without structural break) between commodities on the one hand, and industrial production indices on the other hand. Third, we conclude on the main results achieved by this econometric procedure. The key contribution of our paper is to revisit the link between industrial production and commodity prices, by using an econometric methodology incorporating structural breaks, and by using a very recently updated dataset. By carrying out a systematic comparison between our results and papers previously published in this literature, we gain a wealth of insights.
INTRODUCTION
Economic activity can be generally considered as a major factor of commodities demand. For instance, an increase of industrial production will raise directly the demands for metals, minerals, and agricultural raw materials as intermediate inputs, and raise indirectly the demands for final goods through the resulting increases in incomes.
This article proposes a deep dive into the world of commodity markets, by exploring more specifically the commodity-industrial production nexus. To do so, we investigate the cointegration relationships between industrial production and commodity indices in several countries, such as the USA, the EU, Australia, Brazil, China, Canada and Germany during 1993-2011.
Commodity markets do not only display wide price fluctuations reflecting demand and supply disequilibria, they also support trading in futures and options whose prices fluctuate as much as stock prices. In turn, we can subsume pro-cyclical (e.g., industrial metals) or counter-cyclical (e.g., gold) relationships between commodity prices and changes in macroeconomic fundamentals, depending whether the commodity under consideration is a by-product of economic growth or not.
1 This bi-directional relationship is of crucial importance, since it can play a major role in the determination of successful economic policies. When commodity demand rises or declines, for example, changes in business cycles can serve as a causal factor. During an expansion, commodity prices may rise and in response, consumers will require more income to purchase a given commodity. Given the (in)elasticity for a given commodity, consumers will have less income to spend on other commodities. The demand, and consequently the prices, for the other commodities will decline, granted the interactions take place in a market economy in which the money supply is controlled. If a particular market responds slowly to demand and supply changes, a temporary imbalance(s) between supply and demand will occur and consequently be met by variations in production, inventory levels and backlogs of orders. The most direct link concerning business cycle influences on commodity markets is that between GDP and commodity prices. Assuming the income elasticity of commodity demand to be nearly one, increases in GDP -or in industrial production taken as a proxy -would cause the demand for a commodity to increase. Conversely, declines in GDP would cause commodity demand to decline. With respect to other theories on macroeconomic effects, we can also evoke the hypothesis whereby high commodity prices dampen increases in industrial production, because the prices of good increase relative to consumers' income. Low commodity prices can also lower costs of production and stimulate the demand for goods, as well as industrial production.
One of the most popular economic models that analyzes long term relationships among variables is the cointegration model or Error Correction Models (ECM). This model allows the researcher to analyze the balance of long period relationships. Cointegration is interpreted as a long term relationship because cointegrated variables are tied to each other to keep certain linear combinations stationary, and __________________________________________________________________________ hence they tend to move together. The idea behind cointegration is that there is a meaningful reason for commodity prices to move together in the long run, despite non-stationary departures from this equilibrium relationship in the short run. A major advantage of cointegration analysis is that it allows for the possibility that commodity prices in two different markets may respond differently to new market information in the short run, but would return to a long-run equilihrium if both are efficient. There are several reasons to explain why one might expect asymmetric responses from different markets in tbe short run. One is that the markets may have different access times to the information being delivered. Another is that the information may be interpreted differently initially. However, because the commodities trade on common trends, arbitrage opportunities between tbe markets would eventually result in a multi-market consensus concerning the value of new information.
Having these economic mechanisms in mind, we aim at developing cointegration analyses between selected variables for commodity and industrial production indices. If the evolutions are similar in the long term, then we may think of similar economic forces at stake to link these variables overtime (such as the state of the macroeconomic environment).
The rest of the article is structured as follows. Section 2 reviews the literature. Section 3 details the cointegration methodology. Section 4 describes the dataset. Section 5 contains the results. Section 6 concludes.
LITERATURE REVIEW
• Cody and Mills (1991) evaluate the macroeconomic interactions between industrial production in the US and the Commodity Research Bureau (CRB) basket of commodities by using monthly data over the period . To do so, the authors test for cointegration between the two series, and cannot reject the null hypothesis of no cointegration. In a subsequent VAR analysis, while commodity prices do not respond to changes in the macroeconomic variable of interest here, they are significant in explaining the future path of industrial production. Overall, the authors conclude that commodity prices are an early indicator of the current state of the economy.
• Labys and Maizels (1993) resort to Granger-causality tests to analyze the commodity price fluctuations and macroeconomic adjustments in developed countries (France, Germany, Italy, Japan, UK, USA) during 1953-1987. They use various IMF commodity indices, and to the industrial production index to carry out their econometric work. The main results suggest a causality in the direction of commodity prices to industrial production (except for France).
• Labys et al. (1999) aim at determining the impact of macroeconomic influences on LME metals price fluctuations during 1971-1995 by using factor models. Their study comprises five industrial metals: Aluminum, Copper, Lead, Tin and Zinc. Industrial activity was found to influence metal prices most strongly for France, Italy, Japan, and the OECD. Hence, the direct influence of industrial production on metals price cycles has been paramount during this time period.
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• Hua (1998) establishes the cointegration between commodity prices and economic activity in 22 developed countries during 1970-1993. The results are supportive of the hypothesis that the non-oil primary commodity prices are cointegrated with macroeconomic variables, and that there exists long run relationships between them. The author is also able to confirm the existence of an equilibrium adjustment in commodity prices to macroeconomic shocks through a feedback mechanism. The strong significance of the error correction coefficients support the view that non-oil primary commodity prices in particular vary together with the fluctuations of economic activity. The results are more complex to interpret for agricultural commodities.
• Awokuse and Yang (2003) report Granger-causality test results between IMF Commodity Indices and US Industrial Production during 1975-2001. They find unambiguously that commodity prices may provide signals about the future direction of the economy, including inflation and other macroeconomic activities such as industrial production.
• Cunado and de Gracia (2003) examine the oil price-macroeconomy relationship by means of estimating the impact of oil price changes on industrial production indices for 15 European countries during the period 1960-1999. The authors cannot identify a cointegrating long-run relationship between oil prices and economic activity, which suggests that the impact of oil shocks on this variable is limited to the short-run. Besides, they do not find evidence of a long run relationship between these two variables even when allowing for a structural break.
2
• Bloch et al. (2004) examine the linkages between all commodities (exclusive of fuels) as reported in the World Bank's Development Indicators and Industrial Production data from the OECD countries covering the 102-year period from 1900 to 2001. Their regression results feature that a reduction in the rate of economic growth can lead to reducing the rate of increase in commodity prices. Hence, there is a weak linkage between world economic growth and the rate of change of commodity prices according to the authors over the past century.
• Bloch et al. (2006) use IMF Commodity Indices and Industrial Production indices to show that world commodity prices move pro-cyclically with world industrial production. Their study validates the link between the use of commodities as raw materials and increases in industrial production in the case of Australia and Canada during 1960-2001 . __________________________________________________________________________ • Pieroni and Ricciarelli (2005 ) utilize 1955 US copper data to investigate the properties of a vector error-correction model extended to macroeconomic variables such as industrial production. 3 It can be shown that price adjustments depend on the short run dynamic component of the model, whereas the long run dynamic is statistically rejected. Hence, there is no cointegration between copper and industrial production during this time period.
• Ai et al. (2006) examine the interactions between five agricultural commodity prices (Wheat, Barley, Corn, Oats, Soybean) and US industrial production during 1957-2002. They fail to identify significant cointegration relationships between macro indicators such as industrial production and agricultural commodity prices in this setting.
• Cheung and Morin (2007) The author finds no causal relationships between the Bank of Japan commodity index and the industrial production index, even when considering a structural break in February 1999.
• Bhar and Hamori (2008) analyze whether commodity prices (Commodity Research Bureau indicator) have causal relationships with industrial production, and vice versa by using monthly US data during 1957-2005. Based on Granger causality tests, the authors validate the hypothesis that commodity price indices provide information on future changes in production.
These results are usefully summarized in Table 1 . Despite the existence of a strong economic theory background to link commodity prices with industrial production, we observe overall that the conclusions of these various empirical studies seem to vary depending on the commodity, the country and the period considered. We attempt to replicate the best available evidence to date, i.e. the most sucessful cointegration relationships identified in previous academic literature, in our own empirical application. In what follows, we aim at updating these results with a more recent dataset (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) and the systematic modeling of structural changes.
170
ENERGY STUDIES REVIEW __________________________________________________________________________
A PRIMER ON COINTEGRATION
Cointegration without structural breaks
Cointegration can be seen as a useful econometric tool to decompose the long term trend between pairs (or groups) of variables, and the short-term departures from the trend. In the context of commodity markets, a cointegration relationship will tell us whether a pair (or a group) of individual commodities are tied together in the long run (which means that there exists a strong economic rationale to link these variables in the economic analysis), and to which extent exogenous perturbations from this equilibrium can occur. __________________________________________________________________________
Preliminary conditions
As a pre-requisite condition for cointegration, the time series need to be integrated of the same order. For instance, the econometrician can check, based on standard stationarity tests, that the prices of the raw time series considered are non stationary and integrated of order one ( (1) I ). This amounts to checking that they are difference stationaryStationarity is a central concern in time series analysis, which implies that the mean of the variable shall be time invariant (in the weak sense of stationarity).
5
In practice, the Augmented- Dickey-Fuller (1981, ADF) or Phillips-Peron (1988, PP) tests are used. Extensions of these stationarity tests were also developed by Kwiatkowski et al. (1992, KPSS) . We apply these three tests in our article.
Johansen cointegration tests
To keep the notations parsimonious, let us consider here the cointegration setting with only two variables. 6 As is standard in a linear cointegration exercise, the (Johansen and Juselius (1990) , Johansen (1991) For a financial modeling viewpoint, if we find that commodities are cointegrated, i.e. that there exists a stationary combination of these variables in the long term, the direct implication would be that they share at least one common risk factor in the long term. Hence, their joint analysis can bring fruitful results to the econometrician.
Error-correction model
The next step of the cointegration model consists in describing the dynamics of the variables in terms of the residuals of the long-term relation (Johansen (1988) ).
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We want to introduce an error-correction mechanism on the levels and on the slopes between the variables e and ' e : 
is the vector of the variables price returns;
is the 2 1 vector composed of the constant part of the drifts;
• k  are 2 2 matrices of real valued parameters expressing dependence on lagged returns;
is the process composed of the deviations to the longterm relation between the variables log prices;
•  is a 1 2 vector matrix expressing the sensitivity to the deviations to the long-term relation between the variables prices;
• the residual shocks ) , ( However, by considering a purely linear model, it is possible that the econometrician will either misspecify the model, or ignore a valid cointegration relationship. That is why we detail below the cointegration methodology with an unknown structural break.
Cointegration with structural breaks
In this section, we explore the possibility of wrongly accepting a cointegration relationship, when some of the underlying time series are contaminated by a structural break. For instance, sharp deviations from the long-term trend can occur between a group of commodities, which would imply that the cointegration relationship is not valid anymore during specific sub-samples. The structural breakpoint detection allows to take into account these events in the cointegration analysis, instead of simply ignoring them. __________________________________________________________________________ We present the procedure for estimating a vector error-correction model (VECM) with a structural shift in the level of the process, as developed by Lütkepohl et al. (2004) . By doing so, we draw on the notations by Pfaff (2008) . 
Framework
vector process generated by a constant, a linear trend, and level shift termsNote that Lütkepohl et al. (2004) develop their analysis in the context where t x  can be represented as a VAR( p ), whose components are at most
(1) I and cointegrated with rank r .:
with  t d a dummy variable which takes the value of one when
, and zero otherwise. The shift point  is unknown, and is expressed as a fixed fraction of the sample size:
where  and  define real numbers, and ] [ the integer part. Therefore, the shift cannot occur at the very beginning or the very end of the sample. The estimation of the structural shift is based on the regressions:
 the K K  coefficient matrices, and t  the white noise K -dimensional error process. The estimator for the breakpoint is defined as:
, and   t  the least squares residuals of Eq. (5). Once the breakpoint ˆ has been estimated, the data are adjusted as follows:
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The test statistic writes:
with corresponding critical values found in Trenkler (2003) .
Estimation of the VECM
The error-correction model (ECM) writes:
where the matrices 
The estimation of the corresponding vector error-correction model (VECM) is performed through maximum likelihood methods (Johansen and Juselius (1990) , Johansen (1991) ).
Before proceeding to the formal cointegration analysis of cross-market linkages, we report in the next section the results of the standard unit root tests. Table 2 provides the descriptive statistics of the time series used in the article. To facilitate the exposition, we rely on the Goldman Sachs Commodity Index (GSCI) sub-indices to carry out our analysis, instead of the individual commodity price series. Besides, we use industrial production indices from the USA, China (CH), Brazil (BR), Australia (AU), Canada (CA), the EU and Germany (GE). All the data used in this article comes from Bloomberg in monthly frequency (due to the availability of macroeconomic time series in monthly frequency at best) from 1993 to 2011, totalling 187 observations. __________________________________________________________________________ The raw data can be seen in Figure 1 for the GSCI sub-indices, in Figures 2 and 3 for industrial production variables. We can remark that the evolution pattern is quite similar for all these time series, i.e. with an upward trend (except perhaps the GSCI energy sub-index which has been characterized by a high degree of volatility during the summer 2008). Besides, most industrial production variables record a decrease on the onset of the 2008 financial crisis and the recessionary period. Hence, the time series can be considered as good candidates to be regrouped in a cointegration analysis. Table 3 . This Table allows us to verify that the time series are integrated of the same order (I(1)), as a pre-requisite for cointegration. 
DATASET AND UNIT ROOT TESTS RESULTS
ESTIMATION RESULTS
Cointegration tests have been performed during the full period [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] , as well as during the corresponding sub-periods [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] and [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] . To study the relationship between industrial production and commodity prices in the cointegration framework, we have attempted to reproduce most of the results from previous literature based on our updated dataset.
By following the methodology outlined in Section 3, we consider systematically cointegration with and without structural breaks. To conserve space, we reproduce in what follows the results of the best model only, i.e. the econometric model which is the most satisfactory statistically speakingAdditional results can be obtained upon request.
The main findings are summarized in Table 4. 178  indicates the presence of a cointegration relationship.
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 indicates the absence of a cointegration relationship. SB stands for 'Structural Break' analysis. US stands for USA, CH for China, BR for Brazil, AU for Australia, CA for Canada, EU for European Union, and GE for Germany.
GSCI Sub-Indices and Industrial Production in Australia
Starting with the adjustment between industrial production in Australia and the GSCI Sub-indices, we get from Table 3 that a cointegration relationship could only be detected during the 1993-2011 full period with the modeling of a structural break. __________________________________________________________________________ Table 5 reveals that the rank of the cointegration r between these variables is at least equal to 1 (i.e. 1 = r ) at the 1% level. The VECM reproduced in Table 6 brings fruitful results. Indeed, four errorcorrection terms (except for precious metals) are negative. GSCI Industrial Metals stand out as the most significant variable (at the 1% level), followed by the GSCI Agricultural Products and the Australian Industrial Production Index (at the 5% level). The GSCI Energy Prices are close to the 10% significance level. The economic logic unfolds as follows. In a context of high economic growth (and 180 ENERGY STUDIES REVIEW __________________________________________________________________________ associated tensions on industrial production capacities), the demand for commodities is inherently higher which triggers price adjustments, especially in the agricultural and industrial metals sectors. The magnitude of the ECTs is the strongest for Industrial Metals (-0.123), which implies that the feedback mechanism occurs especially through this channel. However, we verify as well that changes in macroeconomic conditions (i.e. industrial production) in Australia are able to produce adjustment mechanisms in the long term. Also, we may suggest another interpretation in that Australia has become over the period one the main exporters of industrial metals. Therefore, when the worldwide demand for industrial metals is falling, the Australian economy may be adversely impacted. This hypothesis of a macroeconomic link in Australia with commodity markets is further validated by the stationarity of the cointegration relationship, which is visible in Figure 4 . Indeed, it appears stable during each of the two regimes separated by the structural break date on September 30, 2008. Hence, we can make a strong case of linkages between macroeconomic variables and commodity markets (in various segments such as agricultural products, industrial metals and perhaps even energy markets) in the Australian region.
Our results are conform to the previous findings by Bloch et al. (2006) , who found evidence in favor of a cointegration relationship between IMF Commodity Indices and Industrial Production in Australia during 1960-2001.
GSCI Sub-Indices and Industrial Production in the US
Next, we move to the relationship between GSCI sub-indices (Agricultural Products, Industrial Metals, Precious Metals, Energy Markets) and the US industrial production index. The US economy could be considered in this setting as a proxy for world GDP (or economic activity) growth. Table 3 tells us that there exists one cointegration relationship during the first sub-period (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) , as well as during the full period 1993-2011 with the occurrence of one structural break.
In our current setting, the best results were obtained with the full sample estimates in presence of one structural break. Hence, we shall comment these results below. First, we verify in Table 7 that there exists at least one cointegration relationship between the GSCI Sub-Indices and the US Industrial Production Index, i.e. the rank of the cointegration r is at least equal to 1 (at the 5% level).
Second, we obtain the VECM estimates as reproduced in Table 8 . They show, by and large, that the VECM has been correctly specified, since three Error-Correction Terms are negative (GSCI Agri., GSCI Energy, Prod. Ind. US). However, only the ECT for the US Industrial Production Index is statistically significant (at the 1% level), which implies that the deviations from the long term equilibrium are solely corrected by the macroeconomic variable in this system. This result means that variations in the industrial production index in the US are able to correct for the short term deviations in the various commodity markets, provided that a long term and meaningful relationship between these variables indeed exists.
Third, we examine the validity of the cointegration relation in Figure 5 . This graph clearly shows that the relationship is not stationary over the 1993-2011 full period. On the contrary, it is downward sloping with the presence of one structural break on September 30, 2005. Therefore, we cannot consider that the cointegration exercise between the GSCI Sub-Indices and the US Industrial Production Index has been successful from an econometric viewpoint. Indeed, some key characteristics of cointegration are missing, such as the presence of several negative and significant ECTs, as well as the stationarity of the long term relationship observed. 
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Figure 5: Cointegration relationship with structural break for GSCI SubIndices and Industrial Production in the US __________________________________________________________________________
With respect to previous literature on this subject, we agree with the early findings by Cody and Mills (1991) pointing out the absence of a cointegration relationship between the US Industrial Index and commodity indices during . However, our results contradict the findings by Awokuse and Yang (2003) who used IMF Indices instead of GSCI Indices -during 1975 -2001 , and those of Bhar and Hamori (2008 ) -who used CRB Indices -during 1957 -2005 . We believe that the systematic inclusion of sub-periods and structural breaks enriches the results on this literature. Besides, we use an updated database compared to these latter authors to account for the effect of the 2008 financial crisis in the adjustment mechanism under consideration.
GSCI Sub-Indices and Industrial Production in China
Next, we consider the relationship between the GSCI Sub-Indices and the Chinese industrial production index. This region is of particular interest, since China has recorded the world's fastest growing GDP rate over the last two decades. Hence, it attracts much of the demand in terms of raw materials and primary commodities for production and construction. We learn from Table 3 that only one cointegration relationship could be detected during the full period with the modeling of one structural break. Table 9 confirms this view, i.e. the rank of the cointegration r is equal to at least 1 (at the 5% confidence level).
In Table 10 , the VECM estimates provide very interesting results. Indeed, four (out of five) error correction term are negative. Two of them are highly significant (at the 1% level) for GSCI Agricultural Products and GSCI Industrial Metals. One of them is barely significant (at the 10% level). However, in this practical example, the ECT for the Chinese industrial production index is negative but not significant. We could infer that the economic logic whereby higher demand from the industry translates into higher consumption of raw materials does not hold in the context of China. On the contrary, the variation of the commodity sub-indices in agricultural and industrial metals markets (and to a lesser extent in energy markets) is found to correct the deviations from the long term equilibrium in this system of equations. Therefore, this result is both original and surprising, since we could have intuitively expected opposite effects. When examining the cointegration relationship in Figure 6 , we notice that it is stationary before and after the structural break detected on September 30, 2008. This break could be characteristic of the commodity price 'boom and bust' during the summer 2008. Consequently, we conclude our analysis of the relationship between the GSCI Sub-Indices and the Chinese industrial production index by uncovering new (original) but also puzzling results. On the one hand, we have been to estimate satisfactorily a VECM between these variables. On the other hand, the results contradict the macroeconomy-commodity markets view, whereby changes in industrial production induce a higher demand, and thus higher consumption of commodities. Why agricultural and industrial metals prices are able to act as a feedback mechanism when faced with deviations from the long term equilibrium in this system needs to be strenghtened by further research on this topic.
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To our best knowledge, most of the results (as well as subsequent results on OECD countries) are new with respect to the econometric methodology used and the sample data contained in this study.
GSCI Sub-Indices and Industrial Production in Brazil
Brazil constitutes another area of potential strong economic growth, in terms of associated commodity demand as well. We examine here the link between the various GSCI Sub-Indices and the Brazilian industrial production index. In Table 3 , we detect two cointegration relationships during the full period without and with structural break. We reproduce below the results obtained during 1993-2011 with break. In Table 11 , we verify that the null hypothesis of no cointegration between the variables of interest can be safely rejected (at the 1% level). Table 12 contains the VECM estimates. Again, we obtain mostly satisfactory results, since four error-correction terms (out of five) record a negative sign. Among them, the ECTs for the GSCI Industrial Metals and the Brazilian Industrial Production Index are statistically significant at the 1% level. Unlike in the Chinese case, we highlight here that there exists a clear mechanism linking the variation of commodity prices and economic activity in the long term. The feedback mechanism governing the adjustment of short term deviations to the long term equilibrium is driven in this setting by the demand for industrial metals and the level of industrial production. These results correspond to the following intuitive reasoning: in a context of high demand for goods, industrial production capacities are tense, and hence the demand for raw materials is high (and vice-versa) . If some categories of commodity markets do not fit temporarily in this price profile, then the long term relationship between the macroeconomic and commodity variables will be restored by the variation of the industrial production index and the variation of industrial metals prices. By looking at the magnitude of the coefficients for the ECTs, we could even state that the feedback mechanism coming from industrial metals (-0.043) is slightly stronger than that coming from the industrial production index (-0.020).
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The last step to confirm the validity of this model is to examine the cointegration relationship, which is pictured in Figure 7 . Despite the occurrence of one structural break on September 30, 2008 (which could be due as well to the episode of strong price adjustment of all commodities to the economic context of financial crisis), we clearly observe visually that the relationship is stable and stationary in each of the two regimes highlighted by the structural break test. Hence, we can confirm that the VECM is valid concerning the relationship between the GSCI Sub-Indices and the __________________________________________________________________________ Brazilian industrial production index. This cointegration exercise has brought us a wealth of insights, since we have been able to validate empirically the macroeconomy-commodity markets link in Brazil. 
GSCI Sub-Indices and Industrial Production in Canada
In the case of the Canadian economy, we uncover in Table 3 the existence of cointegration relationships between its industrial production index and the GSCI Sub-Indices in all specifications (except the first 1993-2000 sub-period) . In what follows, we choose to reproduce the results relative to the 1993-2011 full period with one break. Table 13 states that there exists at least one cointegration relationship between the GSCI Sub-Indices and the Canadian Industrial Production Index (at the 1% level). The VECM estimates shown in Table 14 are extremely satisfactory. In this specification, all error-correction terms are negative. Three of them are statistically significant: the Canadian Industrial Production Index and the GSCI Agricultural Products Sub-Index (at the 1% level), as well as the GSCI Industrial Metals SubIndex (at the 5% level). By examining the magnitude of the ECTs, we can establish in this setting that agricultural products produce the strongest feedback mechanism (-0.051). It is therefore very interesting to confirm for a fourth world region that the link between the macroeconomy and the commodity markets hold. In light of the Canadian economy, it can indeed be said that the Industrial Production Index, Agricultural Products and Industrial Metals prices will correct any deviations from the long term equilibrium in this system. Thus, the existence of a meaningful economic mechanism can be inferred from this cointegration exercise: in the long run, the variation in industrial production is able to trigger price adjustement in commodity prices (as an input to production). The size of the Canadian economy in terms of production of agricultural products and its role in the industrial metals industry also allows us to establish a reverse relationship. __________________________________________________________________________ In Figure 8 , we can observe the occurrence of the structural break on September 30, 2008. Before and after that date, the two regimes can be considered as being broadly stationary. The stability of the cointegration relationship is not as neat in this graph as it was in the case of the Chinese, Brazilian and Australian economies. Nevertheless, it could be considered as being broadly stationary. Consequently, we can validate the results highlighted in this section.
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Note also that, similarly to the previous case for Australia, our results confirm the previous findings by Bloch et al. (2006) , who found evidence in favor of a cointegration relationship between IMF Commodity Indices and Industrial Production in Canada during 1960-2001.
GSCI Sub-Indices and Industrial Production in the EU
We now turn to the study of the relationship between industrial production in the EU and commodity markets. According to Table 3 , only one cointegration relationship could be found during the 1993-2011 full period and with the modeling of one break.
From Table 15 , we get the insight that the rank of the cointegration matrix r is indeed at least equal to 1 (at the 1% level). Table 16 contains the VECM estimates, which are also quite satisfactory. We record four negative error-correction terms (except for precious metals). The GSCI Industrial Metals record an ECT equal to -0.079 significant at the 1% level, followed by the GSCI Energy Markets equal to -0.100 significant at the 5% level. Both the error-correction terms of the GSCI Agricultural Products (-0.034) and the EU Industrial Production (-0.008) are significant at the 10% level. Hence, we find results similar to previous regions where the macroeconomy-commodity markets link has __________________________________________________________________________ been established previously, with the exception that the magnitude of the ECT is the strongest in this setting for energy markets. Therefore, it could be said that all commodity markets (except precious metals) play a role here in correcting the errors towards the long term fundamental value between these time series, in addition to the role played by the macroeconomic variable (that is, the industrial production index). The examination of Figure 9 allows us to conclude that the cointegration relationship identified between the GSCI Sub-Indices and the European Industrial Production Index is valid. Indeed, the graph appears roughly stationary before and after the structural break date on September 30, 2008. This stands in sharp contrast with the results obtained for the USA, where the results could not be validated at this stage. There seems to exist significant differences in the linkages between economic activity and commodity markets between both sides of the Atlantic.
GSCI Sub-Indices and Industrial Production in Germany
With respect to Germany, which constitutes the economic stronghold of the EU in terms of growth, our specifications in Table 3 reveal that only one cointegration relationship is valid during the full period and with the occurrence of one structural break. Table 17 is able to confirm this statement: we can detect at least one cointegration relationship between the GSCI Sub-Indices and the German Industrial Production Index (at the 1% level). We record four negative error-correction terms (except precious metals) in the VECM, as shown in Table 18 . By order of significance, we can state that the GSCI Industrial Metals (1% level) precede the GSCI Energy and the EU Industrial Production Index (5% level), followed by the GSCI Agricultural Products (10% level). Similarly to the EU case, the strongest ECT is registered for the GSCI Energy. As a matter of fact, deviations from the long run equilibrium relationship between these variables will be primarily corrected by the energy variable, followed by industrial metals, agricultural products and the German industrial production index.
1993-2011
Max According to Figure 10 , this overall cointegration exercise is valid, since we can notice that the cointegration relationship is stationary in each of the two regimes delimited by a structural break date on September 30, 2008. Therefore, we obtain very successful results in the EU and German cases (as a proxy of the EU 27 economic region), where we document that the macroeconomy-commodity markets link is active.
CONCLUDING REMARKS
When investigating the link between commodity markets and a central macroeconomic variable such as industrial production, several economic forces are of interest. First, in a context of sustained economic growth, the demand for commodity markets is strong. Hence, consumers' demand triggers extra production effort from companies, which resort to various commodities as an input to their productionAssuming the income elasticity of commodity demand to be near one..
Conversely, in a context of decreasing economic activity, some segments of the economy will be characterized by declining demand, and thus the associated demand in terms of commodities will be lower. We can thus expect both cyclical movements in commodity prices, if they are synchronized with economic activityObviously, we can also expect counter-cyclical effects. For instance, when industrial production decreases, the price of gold increases as a refuge for value..
The purpose of our article is to review empirically these relationships between commodities and industrial production in a cointegration framework during 1993-2011 for a sub-set of countries: Australia, Brazil, Canada, China, the EU, Germany and the USA.
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With respect to the adjustment between industrial production (as a proxy of economic activity) and commodity markets, we have considered various cointegration exercises depending on the geographic zone and the sectors covered by commodities: agricultural products, industrial and precious metals, energy markets. The main results feature a satisfactory long term relationship between industrial production and various segments of commodity markets. Most of the time, precious metals are unable to trigger this adjustment, whereas industrial metals and agricultural products play a prime role. In terms of geographic coverage, we could verify that the adjustment of macroeconomic conditions to (and from) commodity markets is especially valid in China, Brazil, Australia, Canada, the EU and Germany -but not in the US. In China and in some other regions, we also find that commodity markets act as the central feedback mechanisms, which implies that they will be leader in the recovery towards the long run state, should any short term deviations occur. Overall, we can certainly verify that changes in macroeconomic conditions induce higher demand for construction, production and therefore higher demand for raw materials and commodities as an input. But we have also documented firmly that the cross-market linkages are especially strong when developing that kind of cointegration exercises.
Compared to previous academic literature, we can consider the similarities between our results and various studies which included industrial production in the OECD. Indeed, our results for the economic regions aforementioned broadly confirm the findings by Labys and Maizels (1993) and Hua (1998) -who used IMF Commodity indices instead of GSCI indices -during 1953 GSCI indices -during -1987 GSCI indices -during and 1970 GSCI indices -during -1993 . We are therefore successful in updating their results on this matter, which were favorable to the existence of a cointegration relationship between commodity markets and industrial production. Note however that we disagree with Bloch et al. (2004) , who could not find evidence of such a phenomenon during 1900-2001. Perhaps the difference between these latter authors and the present study comes from their choice of World Bank Indicators of Commodity Markets, or the period under consideration.
Therefore, it seems that feedback mechanisms that we are looking for between commodities and the macroeconomy are only valid for baskets of commodities (as represented by the GSCI Sub-Indices), while there lacks a credible body of evidence in favor of that hypothesis for individual commodity price series. Our results are globally in line with previous literature on this topic. The originality of the present work lies in the systematic inclusion of sub-periods and structural breaks, as well as in the use of an updated dataset compared to most of the previous studies. Finally, note that we have not further considered cointegration exercises with the gold price, since it seemed that there were little (or no) feedback mechanisms at stake in that category of commodities when using the GSCI Sub-Index for Precious Metals (which nearly all lacked conclusive evidence of acting as effective error-correction effects).
Overall, we have enriched our standing of the commodity-industrial production nexus not only within the class of commodities, but with other categories of variables within the global economy. These effects are especially interesting to highlight in the wider context of the 2008-2009 financial crisis, where commodities seemed to adjust quite well to the changes in the macroeconomic conditions.
